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SUMMARY OF SIGNIFICANT RESULTS. 


The main problem associated with pre-processing involves the correct 
selection of the technique and the most convenient scale. The scope of the 
pre-processing techniques used in this investigation was restricted to the 
standard material from the EROS Data Center accompanied by some enlarging 
procedures and the use of the diazo process. After careful examination, the 
land use classification system outlined in U.S. Geological circular 671 has been 
accepted as the general framework for land use mapping in this investigation. 
Investigation has shown that the most appropriate sampling strategy for this 
study IS the stratified random technique. A viable sampling procedure, 
together with a method for determining minimum number of sample points in order 
to test the results of any interpretation are presented in the report. 
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4. TEGI-IMIQUE^ applicable: TO RITUAL LAUD US ; mrPIHG USING 
LAITOSAT MSS m^BRY 

4.1. IHTRODTIGTICM 

As mentioned in the previous chapter a detailed appraisal of the 
main stages of the production of small scale rural land use maps from 
LAtlDSAT USS Imagery is required before an adequate methodology can be 
devised. This is necessary as very few attempts have been made to bring- 
together details oC all the relevant stages needed in the overall produc- 
tion using inexpensive and unsophisticated techniques. The general aim 
of this section is to provide a revietr of techniques that have been 
used in relevant studies in order to select a range of appropriate 
techniques that can be evaluated in the field before formulating an 
overall methodology. The division into pre-processingj interpretation, 
classification and ground truth have not been Intended to be arbitrary 
as certain topics are common to several of them, e.g. scale and resolu- 
tion. Sut it is thought that the divisions provide the most satisfactory 
format ^rhich permits an adequate consideration of all aspects of this 
type of mapping. The problem of overlapping topics has been alle-viated 
by cross-referencing. 

4.'>. JREPROGBSSING 

4.2.1. General 

One of the first problems confronting the investigator involved 
in small scale land use mapping from orbital imagery is the selection 
of the most appropriate visual output of the digital data that has been 
obtained from the LAKDSAT multi-spectral scanner. This means that he 
should be aware of the range of standard pre-processed products ^?Mch 
are available to him as '^^ell as the pre-processing techniques ^ihich he 
might be able to utilise in order to provide the best materials for 
the application of visual interpretation techniques. . „ / _ 
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Pre-processing has been defined by lienipenius (1975) as ’*the 
processing or data handling :?xth the purpose of re-arranging ccra^ires- 
sing, simplifying, enhancing, etc. the data prior to interpretation" 
and the broad scope of this definition has been accepted for the purpose 
of this research. But, as one of the main aims of this research is 
to consider relatively inenpansive and unsophisticated pre-processing 
and interpretation techniques, computer-based pre-processing techniques 
utilising lANDSAT MSS digital data mil not be assessed. Detailed 
summaries of these may be found In articles by Slmonett (1974) and 
Stainer and Salerno (1975). Further specific exainples of coiq>utcsr based 
pre-processing techniques may be obtained from Allen (1975); Anuta and 
McDonald (1971); Hall, Baver and Mali la (1974); Haralick and Shanmugan 
(1974); Langrebe (1972); Learner, lleber and T7iegand (1975); McDonald, Baver, 
Allen (1972); Ueber et al (i972); Hatti and Capoata (1974); Bressanin et 
al (1973). 

Pre-processed LAITDSAT; MSS data can be purchased from EROS Data 
Centre in a number of different formats (see Table ) tdiich may be 
Interpreted in standard form or may be used as the basis for further 
pre-processing by researchers. The scope of pre-processing techniques 
that have been employed by investigators is quite xdLde and ranges from 
sinple photographic enlargements to more sophisticated image enhancement 
processes. However, the extent to which these techniques can be 
utilised in operational land use mapping depends upon the objectives 
of the survey, the finance and time available as wall as the resolution 
and scale limits imposed by the nature of the investigation. 

Most of the techniques that have been used in this t3qje of research 
may be considered under the term image enhancement as most of the other 
aspects stated in Hempenius' definition, viz re-arranging, conpresslng 
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and simplifying are normally carried out by applying coirputer based 
techniques to the USS digital data. Image enhancement has been 
defined in a variety of ^rays but for this research it can be considered 
as "the various processes and techniques designed to render optical 
densities on the xmagery more susceptxble to interpretation" (Estes and 
Senger, 1974). Essentially, the image enhancement techniques that can 
be used to produce hard copies from LAKDSAT 1I3S imagery may be 
classified into tsro broad grupsj 'rlz, photographic and electronic. 
Uelevrnt visual optical enhancement methods (c.f, photographic enhance- 
ment techniques) ^7x11 be discussed in Uae section dealing ^Tith 
interpretation techniques (see Section 4.3) <"s they are generally 
used by researcher<5 to enlarge or combine imagery visually rather than 
to produce hard copies. Detailed discussions on Image enhancement 
procedures may be found in Simonett (197^')j van Genderen (1975) and 
Steiner and Salerno (1975). 

4,2.2. Photographic Enhancement 

4. 2.2.1. Enlargement 

The most commonly used Image enhancement technique involves the 
photographic enlargement of one or more of the four spectral bands of 
the basic imagery acquired from Eros Data Centre (see Table ). These 
enlargements may be produced In the form of positive or negative black 
and ^?hite or colour film or paper prints at various scales and they 
have been used in a variety of nays to assist in land use interpretation 
including mosaics, overlays, etc.. Also there has been an increasing 
tendency to use transparencies in interpretation due to the level of 
graininess ^rhich permits greater magnification than twuld be possible 
xri.th paper prints (Estes and Simonett, 1975; van Genderen, 1975). 
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The selection of the most appropriate scale that should he used 
in interpreting LAtJDSAT 1I3S imagery has caused a great deal of concern 
and various vlet;points have been discussed in a separate section (see 
Section 4,7.4.), 

4.7. 2.2. Colour 

The production of colour composites in hard copy for specific 
purposes is relatively expensive and investigators have tended to accept 
the EROS Data Centre false colour composites derived from bands 4, 5 
and 7 and presented in film positive or paper print form (Joyce, 1974) 
(see Chapter 4.3 - Selection, of spectrjl bands - for more details). 
Houever, one viable and economic alternative has been the use of the 
Diaso process which, although not a photogra.diic process in the strict 
sense, has the capability of producing single colour film transparencies 
from black and white positive Images of selected spectral bands. The 
base is an optically clear, thin polyester material id.th high stability 
which is sensitised xdth a diato coating. Development Is achieved by 
passing the film through a dyeline machine. Details of the exposure 
procedure, etc. are described by ICeates (1973). Diazo films are 
available commercially in a range of colours, eg. red, magenta, yellow, 
orange, green, violet, blue, cyan, brosm. Once the colour transparencies 
are developed they can then be super-imposed in any desired combinations 
to form a variety of false colour composites. Various researchers have 
acclaimed this technique. Hardy, Skaley and Phillips (1^74) maintain 
that they have applied it successfully to produce high false colour 
images at scales up to 1:150,000 from LAHDSAT imagery after balancing 
the density of the imagery through a step enlargement procedure from 
the initial 1:3,309,000 chip* Other aspects of their research has been 
considered In detail in Section 3.2*3.. Little and Scotney (1974) also 
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believe that the Diaro process has great potential but Viljoen and 
Viljoen (1975) assert that the image definition is poorer than photo- 
graphic composites (see Section 3.3.3.,). After experimenting with 
the process s the author agrees ^d.th the general conclusions of Hardy 
et al and Little and Scotney. The main attraction of the Drazo pro- 
cess is that it is cheap and that both the materials and the equip- 
ment are used in dratiTxng offices throughout the uorld and, after 
experimentation researchers may find that it could be used to produce 
satisfactory imagery that is comparable to the more expensive colour 
con^josites available from EROS Data Centre. The use of colour 
additive vieuers has been considered -under optical enhancement tech- 
niques (see Section ■''.3.4.9.). 

A,?, 2. 3. Densrty slicing 

In this process special developing techniques are used to extract 
and reproduce single grey levels (or slices) uhleh could be used for 
further investigation of the spectral responses from various types of 
land use but the procedure is time-consuming and difficult (Simonett, 
J974). However, special density slicing film has been made avEillable 
by several cotmnercial firms and various researchers have investigated 
their potentialities, e.g. Ranz and Schneider (1971) have considered 
Agfa-contour film tjith normal photographs and have experimented trith 
it in association with Dlazo film colour composites of the different 
density slices. Dragg (1974) claims that LAHDSAT ItSS imagery "because 
of the uniformity of the data and small loolc-angle lends itself to 
this relatively simple technique particularly in level areas" but did 
not elaborate on its application. 

4.2. 2. 4» Contrast printing 

This is a commonly used pre-procossing technique thht may be used 
to make slight grey scale differences more detectable in visual inter- 
pretation and has been applied to LANDSAT USS imagery (Simonett, 1974). 



Hardy, SUaley and rhiliips (1374) havci used this technique in. their 
attempts to develop a l-oi7 cost manual method o£ enhancing LAKDSAT IISS 
imagery that could bo used in land use mapping. 

4.^i. 7.5. Edge enhancement 

In this procedure i positive and negative ace superin^josed, 
slightly displaced end re-photographed. Edgas at right angles to the 
direction o£ displacement trLll appear as ^rhite lines on the Cori^ard 
edge and black lines on the trailing edge but other edges Tri.ll not be 
enhanced* Glmonett (.1070 discussed methods of overcoming the problem 
of directional enhancement by placing idle positive and negative on a 
rotating disc trith an eiiposuce light mounted off-arls above the disc. 

This technique has been used in atterapts to detect boundary changes in 
land usa. 

^'■.’.2.6. Image addition 

One advantage of this system is its ability to assist Interpreters 
in detecting landscape changes. This con be achieved photographically 
by combining a positive transparency of r photograph taken at a 
particular time Tinth a negative of a photograph of the same scene 
taken at another time and printing a neTr photograph through both. 

Areas of change are indicated by light or dark tones mhereas areas of 
no change Trill be medium grey. 

A, 2, 3. Electronic Image Enhancement Techniques 

These techniques Tjhich include micro-densitomatry, iso-densitometry, 
electronic dodging and image quanti-ing Trill not be considered as the cost 
of equipment prohibits their use in this type of investigation* Detailed 
discussions of the techniques may be found in articles by Slmonett 
(1974), van Gendsren (1973, 1D75), Steiner and Salerno (1975). 
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'' * Traap,c 

The problem of aelectin" the optiia'ja in-ij;® scale is an ii^ortant 
nspect in the ovcarall mapplns procedure rs it interacts xjith the resolu- 
tion of the sensing cysteti and consequently effects the level of Inter- 
pretation* A coagjronioG nust be reached bcLv^een the image resolutionj 
the oper.itional mapping scale and the objectlvoa of the study* liost 
in/escigators using conventional ’visual techniques have tended to 
utllire the standard pre-processed LAITOSAT 11^3 imagery ^;iiich has a 
maximum scale of 1:?50,000 available only as an opaque print but the 
imge resolution is iiarhodly inferior to the prints and transparencies 
available at 1; J jOOOsOlO* Further photograph! enlargemont leads to 
po'?er image resolution although various researchers have claimed to have 
successfully used enlargcsaents at iiLUch larger scales (Justice et al, 

197 vj Hardy et al, 197'). 

Very little guidance about the raost appropriate scales that should 
be considered -olth the various types of LAHDf^AT IIGS imagery formats that 
can be used in land use mapping. Nunnally (lOT'O conmented that ”fe^v 
studies have been undertalten ^^ich have attea^ted to evaluate the effects 
of scale and resolution on an interpreter's ability to identify different 
types of land use"* He also claims that the results of those studies 
that have been attempted have been inconclusive. Joyce (197^>‘) noted that 
although the scale of enlargement of LAlJDS/tT JHS imagery can usually be 
determined by the scale of the available map'., it is also dependent upon 
the quality of the particular imagery that has been selected and the 
nature of the enhancement equipment available to the investigator. 

Hoxrard (1974) claimed that there uas increasing evidence to sho” that 
xfLth adequate ground chcc’.cing a range of discipline oriented thematic 
■maps could be prepared at 1;250,000. Host subsequent reports have been 
in the form of general statements rather than critical appraisals and 
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little concretes assistance can be obtained Csrom them. In this investiga- 
tion the main imnse scales ttIII be controlled by the available standard 
formats of the LAIIDS-VT ll"" imagery, i.c. 1:3,3 jO, 000; lil, 000,0005 
1:500,000 and 1:250,000 although some evalu'’tion at slightly larger 
scales trill be attempted mainly by -risual optical enlargei.ient processes 
(c.f. photographic enlargement). 

4. '’.5. Resolution 

In the interpretation of all remote sensor imagery the resolution 
o£ the imaging system puts praoticil constraints on the ■’CCurscy levels 
that may be obtained. UnFoirtunataly, (,h.i terra has been gi/en a tride 
variety of connotations by different researchers in a number of different 
conterjts Oce Table ). Oome '^rriters have clearly defined their use 
of the t-erm uhereag others have either noc stated the intended measuring 
or have adopted a very loose definition ^hlch occasionally misleads the 
reader. Olson (1974 - article ^uritten in 1969) has stated that ''unfortunately 
resolution is one of the most misunderstood and misused qualities of the 
photographic s yste m - at least by photographic interpreters”. The 
situation has become even more uncert''in since the advent of Oiiher more 
sophisticated remote sensing systems including multi-spectral scanners, 
and radar. It has, caused Estes and Simenett (1975) to comment that 
"resolution is a coiiplex subject and the various methods used to measure 
resolution may not altrays properly characterise the information content 
of the image”. 

It is apparent that there are a number of different types Of 
resolution that should be considered ^flien using and describing the 
capabilities of orbital MSS imagery. Their relative importance depends 
on the scale of the imagery and the nature of the survey in t7hlch the 
imagery is employed. The dominent aim of each type of resolution, however, 
is to maximise the contrast between objects and their background. If 
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If very Little contrnst e^rists then the ohjects bccoae difficult to 
Identify. The follo:ri.ns types of resolution ha^e the inost effect on 
the contrast levels of L-'ai3.'’AT IBS imgery. Their definitions defini- 
tions have been adapted froia those pro Tided in Table . 

1) Spectral resolution - the nuhber and i/idth of spectral 
bands XTithln ■'■hich data is collected. Hence, the 
spectral resolution of LAJJDSAT U3S data is four broad 
bands. These band x/idths and their relative position 
along the electroaagnetic spectrun rre slio^m in Figure 
and Table . 

2 ) Spatial resolution (or ground resolution) - the smallest 
area on the ground, i.e. pi::el fron xhich the multi- 
spectral scanner cm measure radiant energy. The spatial 
resolution of L.yjDSAT IBS is 79 m by 79 n. 

3) Image resolution - the ability of the entire H3S system 
to render a sharply defined image. This means the 
ability to record visually cacli piteX on the recording 
base. Ho'^^ever, if photographic copying or enlargement 
occurs, then photographic image resolution should also 
be considered and this is usually e:!pressad in terms of 
lines per cm for a given photographic emulsion under 
given conditions. The combined effect is shof.n in Table 

4) Temporal resolution - the tima period (usually eixpressed 
in days) between successi /e orbits over the same area, 
i.e. the time period betxjeen each successi /a data 
acquisition of the same area. Tenporal resolution is 
mainly affected b/ cloud cover '’nd the operating schedule 
of the recording status. 
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Other types of resolution, e.g. tliarmul regolution and intensity 
resolution, although relevant in other studies have relatively little 
ir 5 >ortance in thus type of in^/est3.gation end, therefore, have not been 
included in the list of definitions. 

The ’■’ider range of spectral resolution available tTith LA13DSAT II3S 
xraagGry has certain acv::-ntages and disadvantr ges ^rhen collared xrlth con- 
ventional black and ^Thitc and colour aerial photographs and these 
aspects have been discussed in Section 4-. '^.3.. Besides the problens 
of image and spatial resolution involved in the visual interpretation 
of the LAIIDSAT 1J3S imagsrj' (see Gection A. 3.) they also affect the 
selection of the most appropriate sice of the soiupling ''point'* in 
field surveys %rhen trying to establish the accuracy level of interpreta- 
tion. This problem has been considered in Section 4. 5. 2. 4*. The high 
frequency temporal resolution of the Li'lTDGAT systeau provides a major 
advantage In studies involving vegetation cover and further details of 
its use in this investigation have been provided in Section <^=^.3.6.. 

4,'?, 6, Summary 

The main problem associated tdth pre-processing Involves the correct 
selection of the teclinique and the most convenient scale and resolution 
for the interpretation procedure that is considered to be the most 
appropriate for the tvsk in hand. This is particularly important when 
using LAKDSAT MSS imagery because the spectral responses displayed on 
the black and \Tbite and colour transparencies and opaque prints are 
relatively unfamiliar to interpreters and a great deal of uncertainty 
still e::lsts over Tiiich combination of scale and spectr.-’l bands give 
optimum visual interpretation conditions. Therefore, until more con- 
clusive evaluations and descriptions of techniques have been published, 
the use of more refined pre-processing techniques may tend to cause more 
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I? TYPES 07 HEGCLUTICll U3ED XH REMOTE SENSING 


Spectral resolution - the nunber of bands. In 
addition one should know the exact location of 
the vrariouB bands and their ^Tidth 
tensity resolution - the number of levels in ■C7hlch 
the radiant energy is sampled 

Spatial resolution - ihe area on the ground, x.e, 
pixel, from ’'iiich the radiant energy is integrally 
me tsiired durrng the very short time that the 
instantaneous field of vIk'7 Is directed to that 
area 

Temporal resolution - the number of days between 
successive flights over the same area, if carried 
out continuously 

The ability of an entire remote sensor system, 
including lens, intcan*e, display, exposure, 
processing and ocher £ vctorsj to render a sharply 
defined image. It may be expressed as "line 
pairs per millinetre" or metres, or in many other 
manners. In radar, resolution usually applies 
to the effective "beam tjidth" and "range" jisasure- 
mant ^lidth, often defined as the half-po’”'er points. 
For infra-red line scanners the resolution may be 
erepressed as the "instantaneous field of vieTj". 
Resolution also may be expressed in terms of 
"temperature" or otlna: physical property being 
measured 

Tha ability of a remote sensing system to distinguish 
3 ignals chat are close to each other spatially, 
temporally, or spectrally 

Ground resolution - the rainimum distance bat^resn faro 
or more adjacent leatures the minimum slz& of a 
feature ^ihich can be detected; usually measured in 
conventional distance units, e.g. feet or inches 

Tm-^ge resolution - resolution eitpressed in terms of 
lines per millimetre for a given photographic 
emulsion under given situations 

The3nnal resolution - image resolution expressed as a 
function of the minimum temperature difference 
between faro objects or phenomena 

The smallest ground resolvable distance (GnS.D.); that 
is, the sire, length or area of the smallest object 
discernable on an image, taking into account the 
difference in contrast ratio across an image 

The ability of a photographic system (including lens, 
filter, emulsion, exposure and processing, as ^rell 
as other factors) to record fine detail in a 
distinguishable manner 

The ability of a human observer to detect a changing 
pattern consisting of parallel bars of alternating 
radiance (see T ble ) 
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LAID'' AT GT’^T’TU "I’^GOLUTIOI'I 
(j.n laetres/bar for Band A) 

Based on standard IT. 'i. Mr Force trl-bar resolution target 
(from Tstes and Simonett, l'i75) 
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problems ^’ith interpretation instead o£ aidxn^ the identification of 
objects. Arnold (1974) has been particularly critical of the ray in 
xliich image enhancement procedures have been used and he has stated that 
"it does appear that these techniques have been employed on occasions in 
cases T7here they can offer little advantage and have apparently only been 
used because they arc currently fashionable. This is, of course, a 
criticirm of the experimenters and not the technjlogy. Consequently 
the scope of the pre-processing techniques used in this investigation 
tTil’l be restricted to standard pre-procc5,icd n terial frooi EROS Tnta 
Centre accon^anxed by some enlarging proeidurcs as ttgII as some inves- 
tigatory uses of the dia'-o process. There is no doubt that more 

experimental 'trorlc needs to be carried out to develop a methodology on 

\ 

the role and usefulness of image enhencciaant techniques In rural land 
use surveys. 

^•.3. IHTBSPREfHTION 

4.3.1. Introduction 

Visual .image interpretation has been defined as the act of 
examining photographs and/or images for the purpose of identifying 
objects and phenomena and judging their significance (Estes and Gimonatt, 
1975; 4m, Soc. of Photo grammetry, 1950), ^Io^’ever, the level of 
interpretation of moot remote sensor imagery, including LAIJDSAT 1133 
imagery, depends on the quality and nature of the imagery itself, the 
type of interpretation techniques utilised, the enhancement facilities 
available, the interpreter's specific and local Icnotzledge and his access 
to other relevant information, e.g. aerial photographs, publications, 
statistical data, etc.. In addition, the purpose of the investigation 
places constraints on the extent and nature of the interpretation 
procedure. 
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Con-zantionaL photographic intarprotatioa technlquas have been used 
succQssfully TTlth blach md vhito LAflDT^T IH" imagery of individu'’l spectral 
bands an.d ijith colour co'^poaices produced Ci*oa combinations of various 
spectral bands. Thus, the identification of objects from LA!®SA1! 113S 
inascry has involved the use of one or more of the elements of iraage 
interpret iti on, vir. shape, si^^e, cone and colour, texture, pattern, 
shado'7, site, association and resolution. Xliete aspects have been irell- 
docuraented in articles on the interpret tion of black and ^rhite and colour 
aerial photography, c.g. Olson (1973), Avery (■’970), 3traiidberg (3)67), 
Allua (i0i9), A. r..P. (lO^iO, 1363). Pr-j’j bly the most relevant and recent 
article dealing \7ith interpretation te'Clmiruir ■*nd their application to a 
irlde range of remote "snsor imagery has been presented by Estes rnd 
Senger ( 1975) • 

In land use studies inrol’/ing LAIID’Af UW iiaagery there has been a 
xjlde divergence of tdeis about which combin tion of inagery, scale, 
enhancement techniques and other factors would be best to adopt as the 
basic for satisfactory visual interpretation. As a trf.de variety of 
approaches have been usd it is iriportmac that many of the idea’s ’inl 
opinions should be brought together in order to establish a satisfactory 
bnsQ froia. tihich a framework cecn be fornulated as part of the do/elopmant 
of an overall methodology. The aspects tall be considered under the 
follotrfng topics; the visual interpretation process, visual interpretation 
aids, selection of spectral bands, seasonality or the use of multi-date 
imagery and the interpreter’s kno'rledgc of the region being considered 
as well as his expertise in particular dirciplines and his understanding 
of the relevant remote sensing system. Altliough they are not necessarily 
Independent, the separation into various topics should permit a ander 
vic'7 of the problems associated with the establishment of a satisfactory 
interpretation system ■^'■hich could be adopted for use in land use mapping 
irfth LAflDisAT IISS imagery. 
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4.3."^. The Visual Interpretation. rroceG*", 

The process of visual image Interpretation xs a coraple:: multi-stage 
operation ■s’'hicli various reoearohers hove attaapted to o'^:plain by means o£ 
a sex'ies of stages or phases* Host o£ the cinplanations have originated 
from the study of the interpretation of bl"c’.i rnd Tjhite aerxal photographs 
but tho overall approrches have application in the ’xisual interpretation 
of other types of remote sensing iTntgary. 

Cnc commonly nccepted explanation offers scope for incorporating 
into the description n methodology for producing smll cccle land use 
maps from LAHOSAT HSS xtugery. The initi^tl stage has been described by 
vrlous tsanos including the ’’observation'*!” stage (Gpurr, 1973 - originally 
'cnritten 1957) and the "photo-reading” stjge CVinhj 1934; Strandberg, 1907; 
Bennemnn and Gelens, 19o9). It involves the detection or discovery of rn 
object on the imagery from its background. This is very closely associated 
t/itfa the recognition in nhich the object’^ shape, sire and other properties 
permit it to be recognised, "discovered" or "neasured"^ in the physical 
or psychological sense. As mentioned previously, detailed discussions of 
these properties (or elements) may be found in most textbooks on 
photo-interpretation. The most coi:! 5 )rciic/isl /e, recent statement appears 
in A.S.P, (1975), Then, its identification by Its cotanon none or sclaniilfic 
terminology. But, the level of detection, recognition and identification 
depends on many factors including the physical characteristics of the 
object itself, the resolution of the imagery (see Section 4.2.5,), the 
scale of the imagery (see Section '''^.'’.4.) . nd the background Imouledge 
of the interpreter (sometimes called the "reference level"). Various 
aids, including image interpretation Iccys have been developed to assist 
the interpreter during this stage (see Section 4,3. 4.3.) but with the 
interpretation of LAHDSAT lISS Imagery rnd the imagery produced by other 
comparatively recent remote sensing tachni<iU3S a much more detailed 
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oC 1 hi c '.p -. ul Ii_ 1,. ri.tija') lIio v.uricuu uii/iron- 

ra::ai:,il aivl yj'i..„jiccr'j ’'hicli CT ilii xn x-> rt3{,uli*i-il by 

tlij iiii-crpiritGE uh-'ii ”aj r^^c^turod 'jiih cli^ cuix-'en-lo,! il icrial photo- 
C't'.iplijt Oi.hcr jj:e» x(‘ i^v 3-t.ild to cha Int rrjtrai’-Atxon oJl cfirtain &pcctral 
b nd.' -iiich ix.y pi:oiluic dxxj-creat I'cr.uli-'i trhtiX coapJcud 'ri.i-h r.hi xnco'j:- 
priiL utoii O-L othaiT baiidu. 


Him no.zt. the rlxli-noifcioii oi di/x^ion oZ 

tlix idiiiitiCicJ ohjczt . ix^o lojic il j. iJ^c-rn; ot units on the inn^try, 
iLpor^ .iiu of da. 5 .s -,0 tho roli-ibility oj: 

icy o'C cha boiti'l fiat, ihic iicy , , ,i ha Jollo ad hj i alxo?X''tca- 
tion r 0 i,^a xn 'diiah tlia patuCirna of uaii-a ‘ !‘2 dc^cuibaJ nd cirv.n^cd 

into ?"fioua Lypas o> ol ^ 'X'^ication a 'dih Lhcif individu d 

i^auUodo Ox c tGgof X ',i.it.ion nJ codiCic don. i^h- piroblcfj aGtoci Lcl 


tridi I.U4 uac >blia’ i.n«. oT n nti^ Crctor^ xnr d 


1 'nu UjC claEtlxlc ixion 


•:chci 2 Cor uie 'dth L'dTO 


Vi’ II 1 ilUSCT/ 


1U3 iQd In Gcccion 


I'lia procGT: oC vltual tiiaarprecjrlOii I oasicTlly n daduci;i/a 
procGbJ; in c-lilch din iiix-fprater progr cLrougLi cho nbovo jtago 

by 1 - Kociously or unaontiioUily ucing 'ario-i coobin tions oC the cic-aents 
Q<' i' ago innarprstntlo.i, L’lta ibility to in orporntc tLeac nlccxtnx . 
dapsnda to a lorga citcnt on the speciCic nd regional Icno-irledgc oC the 
interpreter (sec Section '.^.5.) *iaxch u .y 'npplcaiented by vrriotu 
typos of collatonl ti. terii 1 (sec Sect Lon Jlo'ever, vdth 

L/irJ?A>' II iiiagcry coax cC the oleraonco daaliuc in iTaportance due to 
resolution and 'scale Crccors and colour or i.on.i beoone the nost do’aimnt 


clnaxnt.. (see Section '.'’.'i.). Also, the t of Integra.-ing thx 
informtion Cron the four cpectral bands Is o itroaxly difficult by 
vi'iiil weans (van Gmclerca, lS7'i). Colouc c; ipo ites produced froii 
chrrac of the four spectral bands tend to Huvintx the probloa but 



15 - 


furthGr incerpretatlon. pirobleuis are introduced by the false colour 
nature of the iuagery (aae faction /u'’. "’.2,). 

zMthough the varioua utages of con/antional photographic inter- 
pretation nay be C >llo~*ed in the interpretation of hAKDSAT li ?S imagery, 
the nature of the physical and psychological processes tjill differ. 
Consequently, care should be e:;erci3ed at each stage in order to deter- 
mine whether accurate interpretation is, in tact, being carried out. 

4.3.3. Selection of Spectral Bands 

Unlike conjentionai Ijlack and tjhite .leri il photography, the pro- 
blem of selecting the 'ppropriate data base from a range of spectral 
bands of pre-processed LAl^DSAf IISS imagery po^es difficulties. Ilie 
major task is to choose the best spectral band or combination of bands 
for a particular task as certain bands are msra appropriate for inter- 
preting features then oth^-rs and tills ha,j led to a certain am.ount of 
disagreement amongst investigators. 

The official Sd05 O^ta Centre brochure lists s^ma details about 
the main uses of each spectral band:- 

Band 4 The green band 0.5 to O.o raLcroaetres, enphasises 
movement of sediment laden v'ater and delineates 
areas of shallow water, such s shoals, reefs, etc. 

Band 5 The red band 0.6 to 0.7 mlcromitroBy enphasises 
cultural features. This band gives the best 
general purpose view of the earth’s surface 

Band 6 The near infrared band 0.7 to 0.0 micrometres, 

emphasises vegetation, tha boundary between land 
and iiater^ ^ind land forms 

Band 7 The second near infrared band 0.3 to 1.1 micro- 
metres provides the best penetration of 
atmospheric hare and also emphasises vegeta- 
tion, the boundary between lend end irater, and 
landforms 

Howard (1974) had diagrammatical ly sho^m how the spectral reflectance 
curves of several natural surfaces associ ted Trith land use studies 



( 3^ ri> ). '\i III -i’: aJ liifci in -jxy clui Sjiii*Cjcc.3 ’''iUi high 

'yi^Lr il r3ri.c.c.t'noa, healthy 3.a b al 7 x.oulJ be nc tly 

’■hito T-herc c the .'.it' -tiril rcflcaL^ncc Jio i — iLer lUirfecOu. in band 7 
x'oulcl l >2 alio'Ti a") blac!:. The pcoble-i’ nnoci tad xTith interpret ir.ion 
bated on. Lou il retponte.. on the xri.^ery b..<:vjiia avidene ’'hen iL i_, ee^n 
Lh L (lirr.xrcnc cureC [;i r 2 riuilar rp-ctr tl roClestencea ••'ithiu x 
b nd, "'or a:, jjple, in b ix-l '"i licaltliy -n -ey at .Lion , ml ’■vxtar ^u<:C..coi. 
give al^jilar rG€leoi. nc<'* ’tl'aaa. Thi x proM.i ie ulto ob'/ioua in b .nd 
"here Lo Ithy green /i.get i.ton, dr> lo .i nd ihr/ graLt..j ]xa’/c tiieilar 
x*ariect nco3 in the rhortcr >:ave leng^-h but then duerge in i.he 

longer ’•’xve length por-J-on o' thn bind. '* nd /> on the. other h 'nd, shoxfa 
Lh.it (-.he ti:: nurfi.ee ixidic red in the di gr a l.xrc ’-Ider ,cpex’..i.iou in 
j eJ’lnc.u nee "nd, therefor xhould rli'J ' >'Jteec grey“..c ilo v..iri tioa on 
Lhx bXac’i nd 'jhit-x ie. igery. \ recent, lx. il . d diecussion of th > 
rePloctmcc ch'-r -ctcx-itLic of crope . ud soil hie been presented by 
Jlyero ut ol (1575). 

llnny investigaeove na ociated vl'-h l-“nl use studio; beliiire th't 
baiV' 5 ind 7 t'.ro the . o-.t useful b ’nds (ill agredo end fnlims, 1973; 

^...1 s oL xl, t)74, IZinj .nd iJlair "(oini} 157'; In Grange, 1073). Ju^ -i .c 
at 3 1 (107/) consider that the raost useCnl b nd for erosion and 1 nd use 
studies vfas band 5 folio cd by 0, 7 .xixd '. II. > ’over, Peter'’ on (1075) .states 
that b.ind u x’as racoi S',aded to hin by repre . tnt xtive of ES.0S D .L i 
Centre s the best for l^nd use mpping nd Iter investigation ha concurs. 

An increasing number of investigators riaintain thau colour oci„posites 
offer greater scope for interpret xtion fchm die blacl: .ind ’-hitc iu.igery. 

The colour composites arc normally produced by eaposing three of the four 
bl.xch .nd ■'xhite bands (u-uxlly 4, 5 rad 7) of the s.ima area tlix'Qiiyb 'lif- 
ferent filters onto colour Cilu. Hox/evo-, due uo the false colour nature 
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Fig. 




Graph sho’-’ing spectral eh. r \ctcristics 
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r>rocc"r' > I’.alcur n" obc?': dl^f-rcniz ^ULl tbis po’^.e.r. opGcific 

incc'.”|»rc(.'i(-iOii i". Ga<l r''rjui^ -4 J.o .'d|U3c t^o ■'/iOTTing 

ob c-tr ill co-plotcly tL a -1.:.^ "Oul'J encounter in 

-c^tlnut vie ■dn". 7or hedthy /e^ct .tion ppG.'rs ae bw-glit 

red; clc r ntor ippoir. . n blac’.t nd ad:u enu l»'dcn iTaUt’r a 

blu"' colour. 

jJ irpitc the liidt Lion > itpo'iCd by dm f Isa colouc ii tu.ra oiT the 
colour cor.ipoeitca, i any in <e txgjeora h i ’■> 'ouad thera oacier to uce than 
bl dll lut ’•’■Iiite L-'llD *i‘ Id I'l ^ 05 : 3 ' iu i ul ii.uJla'i* (*>.ijnb<.i j ad 
v'sn dca Sroc';, l’>7-j’"rry, U?";? al , T, ld7'.; 117'-.) Vlao 

Joyce (t')74) in bxc cy oC intorpr,, 10 i eclnuqucse. dapt^d in land 

u*o n'pping rich L'.’Ji IT 1 * "Jt luod , 1 , » ojciiiaetoey 

rca'tlL” have boon obi. in ’d by vntcrprr .;■? 11 ' i-%j coloir* coeyoiitca^ ho ■'urd 
(■*17''.) auoart*id th 't ''tb.va no doubt Jt i.Iig in colour iia jvry t 
’ nc Ic o£ Is 1, 030, 0)3 aaa qulcher .'nd leia laJioua than bind: and hioc 
iii.i^-'rj' <t thi "ro ac Ic” anl he alcD b ilia'-:! tint isore data could be 
obt lined irroa colour u<j~po iecr,. ITi: :ub|-^ :i ” -jtatc.jcnt her been partly 
*iub t .nciated by tcato c mod out on cha val'ti/e interpret ability oiT 
f rZL'v'3 d-rth dasourcft": 1 piirit-iaat il P c’: f pho . 03 'caphic irigcry nl 
b'.hirM’ I330 Imagery indic.i.ea that although 1 T DO-A colour infr ircd 
photographic imagery r iil:od highest in 0 '•■t 11 mt t<"prGt:billt 3 ', VlTO’M 
colour conjposiCc iiaagcr ' rrn’:ed sccood lit d ol d’wP ) 1)0 B colo ir, 
f UO ,t blue’: nd ’■'iiite inCrored and ll’lJ \H b ad 7 im'-gery (llstes nd 

rdLanatt, 1975). 

The projection o^ Jirea bl c^: md '.hit i hand. throu>li three diC- 
Ccrc-nc Liltera onto colour £iln to for'.i i col-eir coispovitn producea a much 
bro'der r nge o£ viaual -'tinuli in thii Cor.a o*' colour ditfcrencc':. This 
per.ntG a mare detailed inily’aio than 'illo "'1 by the 15 cteps of the grey 
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scale on each of the standard blac’.c and ’iiite images of each spectral 
band. Various researchers have used aa intermediate stage bet^reen the 
use of black and white iiucges and colour composites by considering two 
bands using an additive colour vle;;er or magnifying stereoscopes ’td.th 
varying results (Carlson, 1974; Bale and Bourden, 1973; van Genderen, 

1974). Further cotrhinaeicns have been achieved in additive colour 
viewers by increasing the nuniber of bands and the colours of the 
filters (other details of this process are provided in Section 4. 3.4. 2.) . 
Another type of colour composite has been produced using the Dia-o pro- 
cess ^Tith black and T7hite IISS imagery, 'liis technique has been in more 
detail in Section 4. '^,2.2. and further enhancement could be achieved 
by using cqui-density film (Nielson, 197?). 

Colour is a property of an area and it is this characteristic In 
association with the areal recording nature of the multi- spectral scanner 
^’hich gives the LANDSAT I3SS colour conposltes certain advantages in the 
identification of land use patterns (Hempenius, 1975). As the scale 
of the imagery decreases, the relative importance of the normal range of 
interpretation elements changes and colour becomes more Important. 

Tharman (1974) states that ”as resolution becomes progressively poorer, 
the information content of an image decreases. As resolution decreases, 
size, shape and pattern, shadow and texture decrease in inportance as 
interpretative tools until a point is reached Tjhere resolution (spatial) 
is so poor that only tone and hue can be used as interpretative tools". 
Therefore, changes in colour between areas due to different levels of 
spectral reflectance tend to provide the main element for identifying 
land use types on LANDSAT llSS imagery. But, ^l£ the colour difference 
between t^io different categories is only slight, then Interptretation 
becomes more difficult. Consequently, the interpreter may seek alternative 
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c>'> a<: ?>7 n in"; J •>1o"»’r ' I'Uti.’a vi— tsj; or other 

to Thnif;ito:; (’o:? '"o-^rioi but .'iro f“or-,o1,c -i';i 3t piy b'* tntro- 

dn’~i by o-t.-iifliTi'; rb 1 ■'■.•b oT -b ^i:r •'oi x--i In ’olvrad xn th?. ini.rrpratin" 
oS the Pxl<^c colour pr eexr. {?nd other cnhm'cd in-’sery» Very crcrul 
interpret itioa of the itmi«tur^l colours ere it'd by the enh'nocxient 
techniqaoi rs required end this difficulty c a be partly overcome if the 
interpreter has a bi^h reference level xo.tb r'jard to the vaget' .ion 
and xgricultur.il practices of the region ds noil as an understanding of 
the enhancement techniques (see Section '*■*. .). I’inaJly, if the 
differences in colom but'rSLn the land n~. c >,.L.-;orios cannot be 
identified satisfactorily then, uhe cl's.ii'i. tion system nuot be 
modif iii. 

Visml Tni.erpretitioii Aid; 

4. 3. 4» 1 . Introduction 

besides the various phouographic .-nd eLv-etronic pi-e-processing 
teeluiiquiS Lhau '"7ere diseuo-.eil in dection '.L. certain other laethols can 
be used uo assist iu i-he intorprerntion ••i' .lie iu.^gsry and these c n be 
considered under uh» »^ollecriye teiiii *' i_ui^ intL-rpretation aids”* They 
inslule optic tl en^ain^ei^it teolmiqucsj i-.j- interpretSi.ionh.eys aid 
coll.^teral inforis ^tioa. 

.3.4.?. Yisutl optical eiliancw .jgt t..shniques 
i'hesa techniques in elude the use of loau ular ungnlfiers (del. is, 
1174; Joyce, 1574; ji, al, 1’37'i), li, h- tibles^ binoculni vising 

o.' iiMgo of c”o spectr 1 b nd.. using i .raoioope to produce .n i-.ge 
iii 111" ’'Crect ( jan Gaiidaran, i074; Kil^lg at il, 197') sLireoscop ' 
u..ilising the liirLtod scope for st irootct>pv bs...'ocii fi..jjas ( Ain Csnderan, 
197''j llui.ipeniu. 1 , 1974). Other injestigators have used overhead' pro- 
jectoi'.s, rGai‘-vxe'r projoctorK ( rrxQt cL xl, lJ7'0, 'J-cro-fila rej.lxr-; 
(^‘nlii, 1974), Ln.cro-fich± ra.aiers (iLn’dy u.T hunt, tOV'i) 33 ji,i 'lide 
projectors (Koyard, 1974) but problems of distortion when projected 
onto icreens has led to limitations iseJiheir uses. 
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■ <3r>j L'.'i iha ica jJ jr’f'i'' -’< 1 a ' ol'. Jii n^o oT o^»tic .1 'dlltija 

colo’,i!. vi, ir iti ’■hiou Ll 2 bl .t J-. jaI a.x' ‘ ir y''Vj t~ ni', vl in /■’'i:iou3 
». bin 'tion' TT3,tli cilu'^i' lo proIuAe Cal 3 volonr d. i’CA (IIo \'ird, 1^7'; 

EtIi lad i3-rdc.n, t’)7^ ; Tu tica c-t n.1, 137 iT d-.irlon at alj lO?'!} Ilxlfilg 
ft t 1, iiy^O. Li':o ch.2 ;l"3tronxc . el'll:! »■; coIoujt vic-rcr:., dii^ 
i' j>~2 (.tiuQ“Cunr.iu »jn^ nJ '• ■pen-i tkan r jn ’^ncional tc>:Iim.cpiA^ aid 
o^:xr>liii 2 to Joyco (07V) :k'ir uoi k': k? _i Ij.iitud to t,ko'x itots 

tTitk Lti 'jpneiol d’illo and ""^uipnini: n:,1.1 'or the enli 'nocaitnt L-sL- 
nif{Ui"* rho t.:dn idv’ i: oC ojtio I colouc ov:r 

cl ctro.iic vlir’iri .ivc lU>>. tliiy hi/o ’>I,rT •• r ijoluxxon cip ikxlx ' tq 
nai<‘oru brl^ktnosi vinl - :y xAtorprotc*' in' :-:ion but ■ coxiput-v j.ntor- 
i'cn 3v diEEicnlfc o "^lii -v: iC ruck ■ in , cnv n ii-i t xUnini:*: re 

r -[iii.-nd (I’.tn -.nd bii. antJ. i>7’i). . rh"' -i- al >i 1 /cly kl^h con!., 

rptclnl turerprct ’tion 'rxllc and the l 1 Ttiinr; mpcct of op -lent 

additxV '2 vrouerr contrn/'Sni die basic 3ii o. xliis in/cstitjation, 't.c. to 
coii'>ider Ine^epcnsl'i",! and vmnophistlc^ cr 1 tcchniqucG Cor producing .mil 
'-.Gale rural land uac uapa €ro3 LA'IOC'T U'" 1:1 "ory, they ’■rf.ll not be 
c' ainad in dcptli. rurck r decailr ox hick optical and elactroai.c 
^ddltirn colour vie ’arc ecu be ob’alncl "ron b '.tos and Eirsonett (i?7’’). 

I!3j:o det ilf' of thexr use in pho -o^raykic inr arpretation can be found 
In l.'l.T'., 19 <0; 19 jj Bljclo’-j, 19)6; 'lol 'll, 1979, 

Ilunnally (197'^) has baea concerned 'n)}* <-he problera of traaniny 
intorpre :er : to use ir-f inig^ry in 1 a>I use atudias and ha Tm 

sui^xastcd that "one 'ray of uininiL’in^ tiic ' I’C >at,o of e zparienaa i. to 
mt iblish interpret ’tion keys". But, ir ' n* c^n b: ascertain''! no 
!:eyc Irr/e been developed to nsslst the vl’-ttal Interpret' tion of 
amneiy. Probably the noct coi-vuon tecknir.ua th it has bean adopted Ids 
be>.,n the process of making the interpreter frailiar i/ith the variou'^ 
visual signatures on the imagery by co:ipa>’-?iig them by means of tr -in'par&nt 
overlays (Alexander* 1973). 
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'oil iL.r I 

'lollaL-i; iiiJ.uru (.ioa i .,i 11^ ^ iilui. dat- oi* 

u. ’--ri 1 ^ jjru<Ll*i ili-aili iLouu tli- la^ion boiitj 

ivi 'L-.!:!" ch iL c .11 i vL lu iiliii .ccnr co idLiatlCiC-iLioii uZ o’jjiiCt:s 
oir ph-aoji'm on tUo i.j t<, l.i in U iiy 'oixAj in.lHlta^ 

'pbic uL ip:^, .Tirion; oT ch_ >i ^> 3 , -2»s« joils, 

tion, 1 iiiJ u^i-, ^ -olo^j-, .'-c., 3c.itl3Lio.ll irt-.., public itiom 
and OCX il pLotojrap''!'. niL'iilad c:: .in ..ion o.' thi<3 type oZ laatii-j. •! 
c.n pio/ida vnlu-tblo b.fC’:3tound I'uo »lcd'j, ' Mcli in Lutn tide dm 
in.: :irprv.t: ■ xo i and tli tion od i •- i cl 3nx£iu..tion 

• c iav'jzliQa<.ox^>, c«3. I'-'c cL ..1 ( U 7 ) pv >f er co include d'.. 
collnci'cd XU Lhc fjold . ..olL iiici: il but 't»c di i pucpo'.c o.I Llixt in'orrt- 
uLxon it Ills b'Cen oOn idarnd und..i: Lhc " n v j _ei.i ojl "yround Lr'tih” 

( ';•" i.^Lion . 

' . I. Xni-t-iTpri'--r* l.:»Cerciice 1 

[n Atiny .irticlGs do iling viLli pliocojrnpliic intcYpr&L.-cion, tin 
auLhur Invc c.-z,pli di_ ir..portaac_ Jn lt_ic‘‘:3rou.id ’tnowl.’d^^ or 

rcCii::n.2. loval oC c’ i xuuorpr jeer {'lia'i, Ilunnall, I 37 d; Scnnc-'i 

A’nd 'Iciens, 10 . 9 ). TI1..7 ha /a scaamlly re'''i:rid to tha specilic 

£ad e”ii<2rtiGe that tlia int-erpretor hr a .t'-ruio?.! i»idiin tpacialxsaJ 
di'oiplinos, c.g, soil scxrnce, /030t’.:ioi -.i nee, 300 lorpholog’? and 
tliixc hno-rlodsG o£ fcUo re.'^ion being in.’ "cij; L d. ‘Ixthout thin hno rl.cdg 
the scope ior rocognition idcntiLic'tion nl clesciCication oC v^riouj 
oh j. ices on the icagery i: liiiited. 

Hha level o€ in.corpt tatxon o£ LUb)‘ ‘ '""5 dice also depends on 

the rorerence level oC di.c interpreter nd various investigatdr'a hi to 
di'.cu'.'ie 1 the rolnti to iuportonce oi I'no r’eJge in specialised diouipline 
(vin fJonderen, ’ 97 'i; Th ran, 197 /') ns t’rll zz 5011 oral regional l;novl<2d2.3 
l-JcLes 


et al, 1074; Littl'O and Scotnoy, t)7’). Tilth the intox'protAU.ion 
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o* 1 n<t u.'c frc.i * .'ll c. 1 j ‘."C I -t thi .^jor conc-ira 

iu.'olv^., Uij *.il..uLiCi.c •Liva o’ LL, r '1 ui<l il rd tioaJiip'i 

t- ’abiu' >1 by Llv, -i'ja. , Li'o'il ’'-no'Tlcdsn oC I'Ki 

' \,rlciili:ur'l pr 'cLico , .nd Llio vogcL. cion o/ cho r<iyion oliould be 
r-qiiiri-fT fpr opci u« d •. i . '.r ci.lua (3 lo 'Uil lio Joa, 1 ^73; Ti30 ut. 

1, 117~). brw'id ^'C!^oronoo level Lould bi oupplci ...nteJ by 

ij sj'^ n». collaterrl i_iL,ri 1 (ace ''cc.t.a.on Ko^'ev^r, 'duan. lly 

(117') h\3 c”preaa"l coac-cn bout U a pirobl^, i eatouatetrod by 
intrrpjratoi Iiaj3a3 b' in uir rincJ to In. jrpr i land uae in one 
V ■‘ion, ’ho tr> than r'’pn»’od to In/c- i' uifiorcal- rojlon'’. vith 
un>'r_iil 1 - 1 -ntl utoa, Uo d 'iaa tbit i.h . T v o>r culait.il fa ic'vjround 
oi' "cn/ji cn ..nt'l n uronsfer 'un ('oh vt o. nl, ti 1) 

L'“ ”> bi fl frcqUGni.ly ■, nooiml. ir li faiit no'. >’i* toly ■’csosoi'l, 

i.n .iddition to th3 b'o'-.^rouad ’;novl'’l.,_ ■’n<'ioa'’'i I'rr/ioualy, the 

interpr ) ir 'houJ.d h'ti'o i <lat lilod ’:n ,lv<\ .. uul'-irat'in'ling of the 
. Cfjuijition f loility i fa.-' rcimto aia'inj. <’uia xa p'irtxcul'<rly i port’nt 


nidi dll xnterpret tion oi IS l J.tnyi?iy itni lO 'Iid iridi r-ngo oC corhina- 
tlun oC opactral fa ndi di t ire xvnxl bli lO tin inuGrpretov (see 


'"oefcion 


Kx-^ 


1 Jixn c.id; xa to ob'-ain die beat possible iax^iry 


u the i,i.ost approprxnt.e tciln no tint opti.i ni iiirovaition e-tracilon 1. 
cLievod. lIoT’evcr, unlear. lio undontand’'. tli' n.itu'"e of Clio vartou" 


f’pGctr ■! I'erponsGS G"liibi<. d by landocvn roiiurit end their repreoenta- 
tjua t /tTxouj Gcali.’v on cLo xuugary, bx . int irprct ition dcillo ■■n.ll be 
Ixffiitod even though hxa Gpocific. 'nd region il ’’.noirledgo nxy be high. 


' ono iguently, on in’erpreter uvxng LA!T r '.r i; ' iaagery to mp Iwl uxe 
clioulil xdeally posoeos e reCerGnee levol "bi<'b o'-iphoai ogo region il 


vG^et ition end ''gricnlttiv >1 practices ”g11 is a detailed hnoi/ledgo of 
the V rious environ-’ intnl and pre-proco oxn-- periaefsrs that af £ let the 
formation of the xmagory. 



4.3.6. IIulti-datG iTMgGry (or Seagonality Effect ) 

Another ln^ortant tcolmique that aids the interpretation o€ LANDSAT 
IISS Imagery involves the utilisation of the relatively high temporal 
resolution of the system (see Section 4.*?. 5,), Theoretically, it is 
possible VTith ]jAtlDSAr I md II to produce imagery of the same part of 
the earth’s surface ever/ 3 days but, in practice, the X7eather conditions 
and operating procedures enn sKtend this quite considerably. Ilo-^ever, 
if imagery can be acquired so that the major seasonal effects of the 
vegetation are recorded, tlie task of interpreting rural land use can be 
cimplified. Ideally, the im.igery acquisition should be "coupled” xri.th 
the vegetation cycles of the vegetation of the area being studied ('Istes 
and Siraonett, 1975) but this is very difficult to achieve. Host 
researchers claim that colour lISS imagery from at least two pert'O-t 
maaiiaum potential for idcatiric-iti -n {Dsteo ec al, 1374; Place, 1J7'; 
Peterson, 1975; Justice et a.1, 197 >.i). Also the dynctsulc nature of the 
vegetation permits scope Cor other types of photographic enhancement 
techniques, e.g. edge cnlicnccmont to detect bound'^ry changes and density 
rtnalyses to detect ch ingat in crop patterno (see Section 
4.4. LfllD TJGB GLACSI'^I’JAJICIT 

A'' discussed previously (r>ae SecLion ), the problexa of 
developing a satisfactory 1. nd une dassific ition sch-aaa his caused con- 
siderable concern to .one in/c^tigatorv U'ing imagery obtained from 
orbital sensors (AndereOxi, 1971; Uunnally, NASA, 1974) ^rhercaa 

others have been content to develop ad hoc systems for particular areas 
being investigated (Rudd, l)7i; Parry, 1J7/'), Host researchers agree 
that no single classification system can be devised that would be suitable 
as a basis for all types of land use mapping. This is mainly due to a 
coHibination of factors including the purpose of the map, the final mapping 
scale, the resolution and quality of the imagery, regional characteristics, 
adequate descriptions of categories and tlie major land use factors that 
should be included. 




The need Cor a broad Crjmef7ork in order to bring some fora of 
standardisation bet^xeen the mapping prograrEiies by different organisa- 
tions has been recognised in the United States and various atteii^t-s 
have been made to produce systems sultible for use ixith orbital 
imagery. Anderson (1071) outlined his ideas by proposing tiro s'/stems 
for consideration by Incirrcsted organisations, Horxever, his 
approach, based on fir-ed r priori class! Cic itiona has not been accepted 
by all researchers as a satisfactory solution. For example, Hunnally 
(1174) and Uower (197'’) preCer the induct! *e "’pproach to land u‘^e clas- 
siiicatipn recommendod by Ulawson and Stexart (1955) and Hunnally 
end Uitiaer (1970) in rltich the interpreter should interpret land un 
in as much detail as pocaible xTithin Che litai cations imposed by the 
scale and resolution o>- rhe inagery and then group the used ini o 
categories most appropri<>.to to his OTxa inxeicin;atlon. Hunnally believes 
that ”1£ basic classer t^erci properly defined and adequately described, 
the original data could then be used eCfectlvaly by others since all 
dot''il •'xould have becti preserved''. Ander on (1971) agreed '•jlch the 
criticism Txhich ^xas also presented by Hunnally and Tfitmar (1970) that 
^jas quite probable that “\pn \70uld not be properly filled by using i 
pro-conceived ciassific.icion. But, he asserted that an hier chicil 
arrangement appropriate t «• particular need lor a land clas^ificction 
'■ystem seemed to be neceircry in order to guide the interpretation of 
remote sensor imagery, lie used the org.ument that the inductive "pproach 
could lead to a misdirected rnd possibly e^'pinsi'xe effort which my not 
be needed for a particular purpose. Consequently, in his initial 
attempts to produce satisfactory guldelinoo for the preparation oC 
land use maps from orbital imagery at scclec ranging from is 250, ODD 
to 1:2,500,000, he outlined tTxo schemes for consideration (see Tables 
and ). The first schema ^xas an attempt to devise a more activity 
oriented or functional categorisation '^xhich TTOuld be compatible vxith 
some of the classification systems that 'txere in widespread use. This 
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Ljclx-nti '’as intended Tor use 'rich orbital ir(' 3 <rry in conjunction id.th 
In-omation obtained Cr'or.i ocher sources. The other 3ch<r.ie 'zas Anderson* o 
Idea for a classific'xtioii ''ystein that could bo used over the xjhole of 
the United r>tateo. T. 'ns dasloned si that little or no supple: -at iry 
infort^tion fron other 'ources xjis nccec'sary but it nsstEiGd that 
vegetal co/>'r '•urro^nta' could be eCCeati. >"53.y xt''ad to identify 

• eta /ity-orient.-d use a. 3oth icheia^a xraa.’a dc'i^nert to laaec the ra-pjire- 
nants of a ret of erttsri. ”liich Anderr'an developed an order to '"'in a 
better under ocandin^ o'" r.ivcrent problcna re1.aca*i to producin'' ecfeotlve 
cl ’ssiCication schcite for u'," ’’ith remote ‘niror iiaasery ^t ac-tlea 
renj;inu frora Ijli'OjOOl to lj!,000,000» 

The bac'icround a_ . -*ch by /ndet' >aa oro’id cl p'-rt of th'’ Tr. ta-- 
T or!: Troni 'rhach the In cj:-.' ’•'• nicy dtocrin'"' 'loraittee on Land 
Infori atlon .md Classifi-c I aon attcnptrd to dev ’“lop ”a natural cl','- 
' ill cation aystem th ’’ '’auld be receptl 'o to inputs of tl^ta fro a bath 
con rent Iona 1 sources and rciita sensors on hlyh-'iltitude nircrniit nd 

• -itellita platCorua, and ihat vouLd at th~' a'lie tame fora fha •rr''aac"ork 

ia-o T7hich the cntG'jo-'io'j o<’ i.ore detail ed 1 <nd-use studies b/ rcatonal, 
ct '.te, and local . 5 ;an''av‘ . ^- 0 l»ld be ficced »id 2 ^-cgaced upward i or 
mre jaencrolarad •jr-’-c Ic use at tl>3 n'tioml b=val»'. > •' dttee 

-’ID cceposed of reprc'-'a t<:i 'os £ro.i th? f3’olor'ac.al '^•urvey of the 
Unitt’d “itatet Ueportr-i n*" ol fnt> rioa'j the Ux'-ional i,eron'ut3C=' and 
'"•p-'ce Adsninistration, the ' all Conservation "-i’/ice of the Uni' ’d ’cates 
Dap ‘rtiaent of Agricultw the \ss ?ci ition o£ x'aiericnn Googr nher and 
fho International Uc>ayr pliical Union. Ita 'ror’.c ’’an supportod Ly U. S»A. 
^nd the Department of In>' error 5nd ”au co-ordinated by the U. C?ologic.al 
*^urvry. The '^itaerin'; t;o_-rjij-tee accented s.h • biaic premise that * flcrilbla 
Land use classification <'ch."ae xras hiahTy d-aii’able in the United States 
xrfiere for many years dit? h^d been collectel independently .and 'rith little 
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SGHLIIS I of Lr^nd Glassxf icatioa G/3toa Iropocad by 

J.R, Andercon, pliotogrammetrlc ntiRineerlng , 37, 
379-337, (1J71) 


A TentaC'itivo Glassification f chma for Use TTith <irbital Tiarioory md ’Tltli Some 
Supple . ntiry tnCoria.ition "or '[ ’.in^ LJiid Vsz V 'or Ulie United 'Seal ’’anging 
in Sc.^lc from 1;2'»0,000 to 'I:'?, 'sOljOOO 

(Thu 'jclieme assurae» avaii-VuilLi./ of soma lupplca -Ou iry inforaiation froii other 
oource^. Vogot tl cover tort inolo^y in p'irenth'”',iL liaro .’pplicoble.) 


I 


II 


ResourcG Troduotion ■'ind ction 

L. '.gricultunl 

(1) Groj Produ’tion ( 1 -op] and) 

(Oroplaad-h a* /asu , 1 e::ccpt for orclitrds, groves, and ‘mi^yardsj 
croplnad u' I nl;, for pTcturo; -%i.? - roplaad not h^r/- i :• 1 and 
not pi3curo\) 

( i) Img'tcd '".rop Trodustion 
(b) Uon-Xrrrg '.rop Production 
('’) '"ruiJ !Tu< '‘nl -nre (orchard',, 'v<.' yiu yjrJ-) 

(j.) irrig-'tovl .Vui: and Jlut duluura 
(b) UOii-trri_»: I '’t'jit nJ ITu .uTt-U' 
b. i^ins (Gravel md ual arubland) 

(1) R-ngil-nt Gr * iu , ( ’ ujAanl) 

(Ujtivc grarice, chrubs and brualil nd including saga bru li, 
^cactored iLa’jtpai.a iil echu ot.h -r J<rub i-jp-e in i-hc 

(2) hi/estoch rcseuriiig (raaturcs) 

(iOiati grac o' ad icguriaj and ,-.c s,..jred urualtland fu 
Uast) 

'J. ’ore j try 

(1) lJon-Go*Tinarcijl fr>- » ’lising (Arid ’’’’ondland) 

(Ganorilly o-. li' < It.* coniierci 1 tMluia for uitbur or -’oad 
product bui' i y b-> of vtJue for '■ v;h-d pro*-oc< ion, 
gi.t. J.ng, TTt.ldll ' b bi . ft .ad i." .I'll iiJ.oa) 

(2) Ltnaborins and )ulp:’ar; (iForact T, md) 

D» ianing iid tv 'rrym , 

Trrn ’port u;i on, Goiaumi'. •'‘an ad U'-iliri . 

A, l!oi.orliig (Higli"taya) 

-U ’’allro'ding (”o3lro .1 ) 

U, flying (Airports) 

T), Go.^aunicition -adfUilKy ‘ ativj < y ("o_„.'ai* tion and Utr’io. ■ ) 


111 Urban A.ctivities 

A, Tt'baui-cd Livolihciod re. a (Urbanired I,, a)) (IJVI) Uefintion y^c 
deterriincd by the nn'u-u of the Cen''U'') 

(1) Industri.il (lnd’isuri-1 Land) 

(’) Coimerci il (no„~”.rc 3 jl L md) 

(3) Iroidenti-il ( viadiati 1 L-ad) 

(4) Other Livelil'ood (Orher Land) 

3. tchar Urban Li /clil.uo ' (o*)iar Urban I ad) • (ropuli*-cd pi ci> O' 
uora than 2,500 but not including tu'b * 01 ''fd ire-is) 
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rablo, (coiic.) 


IV To^mg and Other Built~TIp Ll /allhood Are i'; (fo^jn and Built-Up Land), 
(litli a lorer areal li> 2 ic ’diich is ideni-rCi blc tltrougli 
xnt erpr • t ation. ) 

V Recrctuional Activities 

A. lIounL in 't-'i-riier-d (”aui<. in:-) 

B. "ater Oriented (Uatcr Bedies) 

G. 'laitri, Criv^need (De’j'.rL-) 

VI Lo* 7- ’ cti T-ty \rca 3 (Other Land). ( C reludin'’'- I nd o£ these types on 
i;A>ich land using activities are found.) 

A. 1,0 7-.\cti jxty Ihrahl-.n} Criontji (ll-r hi ■ ,id) 

B. Lor-Actlvity Tundr i Crionted (Tundra) 

0. J o"“-'cti /ity Barren I nl ‘hrlcni i>l (" .rriM T, nd) including I ivi 
Tiers and nountain perhs above Lin!> r l!na 

VII ’■Jaecr Using Aci,i yti,3,0j (’■'atcr Bodies) 
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V. IL oZ Jj^nd wi.oi.t 2C.-:a pxOjjo c'3 b/ 

1«'?» 'nd"x--: 1, '' j^t *t La , ^73 

A, ■«/j-:o7, (i;)7 0 

A Tent'.-i »■ ‘ . ic tCiui J . * Cux U’.',- '■'i'.b ' "bi , .1 Cn 3-xy bui: * Idi hicclc 

or No Pnoploiznjir'iry Inform. tion for Nahins Lmd U'_ ll^ps Ranging in I.cale from 
l:250,fjj") -.0 l.:\ OD,ODJ 

(This *:ch' . l.iLLl? nr no 'uppLc'ii.no j toion '"voa oilt r “ 11 .'.'? 

but i-hc 'iSUjpLion is mada tha-- vogataL cov c uj_j_ cas c<.n bo effcot-i /wly used 
to IdenS'l y o'iMP ’cti rLtr/^^orirntad U'es) 

I i'lvriculi u>*al (^<itli no dl olii'^tion 1 b.c’aan croplnirt t*nd ocidi rdsj 

lid aiu,/ 'sd ill ’ ill noii“ii'i3.j t.--! 

XI Gi’ ill', 

IIX ro''o ' lU* ; 

IX liiiiJiV' il Itvtarrying 

V Tr It yoru n-ionj i id Uxiil ordo'<" only) 

Vt Urb n Sn- 3 'i'Lo- 

VII .rn ’ -lo . 1 (only i’ i ini^'inrj iccr ,, '-tc.j ji'j u. 1 

xUxroyii- ^iiu onl^ iu m c-iT^ii^o uij 'X . jlo poiTiToni x". .1 

VIII Ld ’ 'C-3 iiy ‘">1 (' ■•-b :•-■ f nl) (r.', r ,3i? ‘i\, U'.lr.i ’iid bnrr..n 1 iid . eluding 

cho'.'i classified by use uC -urrogctc- and in 'rcnco ■'c rccrcr-Uon fl) 

I I .jc U iing .cLi/icic (. ..cr ‘oIlclj) 


C’i't’ltii' u ' ■ M,* »"■ ■** i< ' j ' V '» )’ Sii '1^ 1. ii'/jl,* 1‘lils 

4 :t»'> '■» ii I I 1 }~i lit j > l*> I I .i>: . ii'lj I- till 

ill ’i' ^1 ri’j.il i.Ii "1 I 1 j '■ - ' '■ 

li> 1. • 'll* n 1 ’■’1*1' ~iTi' iit.r-i'3 «>_il.y • liOi li’’ ^ 1 

II hi IL'-I h I'l^. K ill ‘ J. J. 1 ill 

11 ■ _i 'j .l-ut 7 * "''i *t'3 ’'A i-h i’* -■’1 Oi.' ill c i»i \ ' < 

&• / .•■.hL U h i i.j. J "A" i i -i 

i ii jOi'ii n' ■;;■> il' j c a j i ’ i L u*! fT i Tnrrii., i > t-ui ivl 

(II 1 ‘ i ci"'n ’V' " h hi t.ii '■ ’ i ’ a '’’-i' ' 1j >1/! 

. i1}1 *>y I .■>! ■ 'll a 1 1 ' 1 11^ J ’ i.il 1 til 

1 . 1 . ' i.a . i»_, >1 li 'it J ill" ti” i> ti ’ i ‘ 3it; ''a • a'v'iiiij 

tli . 1, L‘>! 1.1 h ■ ' i i‘ >'<■ , a.-. . ' 1 1 h *. '-'ll*! I'j' 

, ,i'i 1^ ’i ' 1 ii 1 n ' t 'i i'" ' r” iitl'1 h. It •! t'h I 

^ i ■> “r ’ t t-h 'i ii'ii 1 L li 111" ' ‘ i a i 1 ■fn*’ yx,. _io i 

fcl, ' -i "3 1 ."il* vl 1 . ' *1 - '• c I C'Dri 'I'l loch 

’■'•mid ra,>i>nx'”'‘ tin i 1 > ov r vottihll > i'h oilni.' ’ah*" ""t • n.r It '1 
ltT‘1 . 'll 1 iii'l II'-'’*-' , c i-i'ji'j ill 'I it t*:»n 17 'i’ii i’ik: ■ a' • 

C’prz'i'ly la ir'O. in !i Titit -1 La.- '• 

'll ’•nil '1 n>'ilL'’Iii h' |>'i: i’Tt.a t 1 -..i^ianl -i'ihn'ii'jii’ h, 

'tl'^* irij llio £iLC'.jti!i' <■ *.'*’1 comi'i-*’ ^ \ii'”':i' ■> >n,j 

Imbtltn; Lcr-jrch c tvlAd 'I'jt by H'rd/ 1 (’171) *nd ‘‘ati.iny i7 ('i7'). 
?l.iilly, elm rcc J7J12 mini /-■■natrii luh i • 1 >>j-* ro’^iev aid eCLcia ' b/ 
in'- >l oj.'yiii'' leiua -il lali^hliy] 'T, . ilnil-ijic 1 ’’it'c.' 

CXaThI j >71 o itit-l(A.l L nli^lT’i .1 11 . t h'.''' .■. m '".yrtc t >*or TJ , . trl-di 

U« .•'iL't ‘ oi:;c»r Lh-tn'*. a'-vil xn'-. rent, tit i - li. b" n tdo^ie .‘1 la 

till-, I’intly, T '■ i'* I'nd c-i'/er a'ei 1 I *r th*' . -o ir.nit: .i.v lloind 

lc'/-l , x.n. Clio liir’lc ,.i*i i-oncarnud ”I.'n all t- tl t itM «iry 
do tlnd dcjcirlpLion.! o.C o eh mtegory li'iro bo'ai provided in thu 
ciriatlar. Tho octitilty or.pdot of land nin 1 ntil-ljred in the third nd 
fouri-h levala of c. L.'-,H*x'^ation but ha ’ 2 no. h- n doscribed in Jot. 11 
because they uera beyond Lhe scope of tin? in-nd -igation. Gccondly> 
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classification levels were developed on the assumption that dxfferent 
sensors could provide information for different levels of classifica- 
tion (see Table )« The committee proposed that, due to the 
relatively small scale of the imagery, Level I could only proi^de a 
general classification based major differences in land cover, ^7hereas 
Level II, based on larger scale Imagery and supplementary informa- 
tion permitted the complexity of the system to be Increased (see Table 
)», In addition, the committee accepted the criteria suggested by 
Anderson (1971) (see Table ) and the system was designed to meet 
these requirements. 

The definitions for each of the categories in Level I and II 
\7zve sub'ected to testing and evaluation by the U.S. Geological Survey 
in three regional projects, viz, the Central Atlantic Regional Ecological 
Site (CARETS), the Phoenix Pilot Proj'ect, and hand Use Happing Cor the 
Ozarks Regional Goimnission. Initial tested mainly involved Imagery 
obtained from high altitude flights but the system ^ras later found to 
work satisfactorily i?hen used ^ri.th satellite imagery. Other organisa- 
tions have used the system (Carlson et al, 197A; Dornback and llcKain, 
1974; Hardy et al, 1075) and according to Lietj'ke and Stevenson (1974) 
investigators have found that all Level I and II categories trtth the 
exception of Level II. Institutional could be delineated. They also 
stated that investigators have differed in the number of categories that 
they have been able to detect ranging from o Level I categories to 34 
categories including 7 Level I, lb Level II and 11 Level III. They also 
listed a number of land use categories T^ich have been detected on 
LAHDSAT imagery which X'jere not included in U.S. Geological Survey 
Circular 671 (see Table ). Some of these categories have been 
included in the amended version of the classification (Anderson, 1974) 
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TABLE 

LAMP USE GLASSIFICATION LEVELS 

(from Anderson et al, (1971), U«S. Geological Survey Circular o71) 

ClaasiCicahion Level Source of Information 

I Satellite imagery, Trf.th very little supplemental 

informatlonp Concerned with imagery obtained 
at scales of 1:250,000 or smaller 

II High altitude and satellite imagery coid>ined 

TJith topographic laaps. Concerned i^th imagery 
obtained at scales of 1:100,000 or smaller 

III lledium altitude remote sensing combined Mth 

detailed topographic maps and substantial 
amounts of supplemental information. Concerned 
'trith imagery obtained at scales at 1:40,000 
to 1:15,000 

IV Lou altitude Imagery T}itli most of the information 

derived from supplemental sources. Concerned 
TTith large scale imagery 
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TA3LE 

LAtlD USE CATBGOaigS DETBCTBD PIT L.^>RPSAT>-1 ItlAGBRY 
imiCH are hot in LSVSLS 1 AND II 0? CLASSITTICATIONS 
IN THE U.S. GEOLOGICAL SURVEY CIRCULAR 671 

( from Lietzke, K,7l« and Stevenson, P»A» (1974)) 


Uobite Homes 
Parking Lots 

Unimproved Open Space (bare) 
Improved Open Space (irrigated) 
Unimproved Open Space (’irLth trees) 
Low Density Residential 
High Density Residential 
Developer Open Space (urban) 

Rural Open Land 

Eight- of-T Jays in Forest 

Rural Settlements 

TJooded Rangeland 

Soy beans 

Corn 

Sz'iposed soil 
’^Jintsr Ryegrass 
Stubble 

High Density Single Family 
Lotr Density Single Family 
Ui^ed llultiplo and Single Family 


Agricultural (plcrjcd) 
Agricultural (non-plox^ed) 
2xtr-'cti'/e (mines) 

Extractive (tailing pipes) 
Extr ctive (basins)* 
E;:tractive (gravel pits) 
Sanitary Land Fill 
'■Jater (natural basin) 

"’ater (excavated basin) 
TJetlands (Northern Bogs) 
Uetlands (Southern Perennial) 
"^Jetlands (Southern Seasonal) 
Low Income Residential 
Coastal Strand 
Coastal Salt Marsh 
Coastal Sage 
'■Joodl ind Savannah 
Riparian Vegetation 
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(see Table ) but, as stated in the circular, the system -\7as designed 
to ba flexible mthin certain llujita and, therefore, a particular 
organisation could modify it providing the recotsmendad criteria ^xere 
met. 

After careful exaiciination of its development and structure end on 
the basis that it is the only nationally accepted land use classifica- 
tion system for use ^Tith remote sensor imsgery as xrell as the fact that 
it has been successfully tested, evaluated and implemented by many 
TI.S. organisations, the system has been tcccpted as the general frama- 
XTork for land use cl ssification In this In/estigation. Additionally, 
the system outlined in the U. S. Geological Circular S71 tzould probably 
be more acceptable to overseas organisations in an overall methodology 
for the production of land use maps rather than the Inclusion of a 
completely nexr and virtually \intried system. The U. S. system is quite 
flerible and should meet the needs of most countries in pro Tiding a 
general xTorklng frame' orh from xThlch a standardised land use classifica- 
tion system could be developed for the particular situation. 

. 3. GRGTOD TRUTH rkOCCDUkCS 

4,5,1. Introduction 

The use of the term "ground truth" in remote sensing has caused 
a certain amount of oontroversy. Soma investigators including Estes 
(1974), Savigear et al (1975) have stated or inferred that it is quite 
adequate and they have not been concerned x?ith interpretations of its 
literal meaning. On the other hand, other investigators, e,g, Lee 
et al (1975) have emphatically rejected the term in favour of "grotiad 
Investigation" or "ground data". They believe that "ground truth" is 
jargonistic and that it is a vague and misleading term uhich suggests 
that "the truth may be found on the ground". For the purpose of this 
investigation ground truth has been accepted as a commonly adopted and 
generally understood term xThich has been used to describe the fieldwork 
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associated ^jlth the establisiuaeat of a detailed izccord of the 
'‘on-the-ground" situation in order to validate the interpretation 
of remote sensor iitagcry. This aspect has often been criticised by 
researchers as the most neglected aspect of remote sensing investiga- 
tions (Benson et al, 1971; ), 

The amount and type of ground truth data acquired usually depend 
upon the nature of the project being imdertahen, the quality scale and 
resolution of the imsgery, the range of interpretation techniques) the 
availability of supplementary information incliiding topographic 
mp3) reports and statistical data, ilhcrofore) careful selection of 
the variables that should be investigated .<nd the extent of their 
maasuremsnt and/or description should be a major consideration in any 
mapping programme based on remote sensor imagery. In this investiga- 
tion the emphasis is placed on the collection, of data in the operational 
sense rather than the more strictly controlled basic research approach 
in nhich very detailed measuremants of r7urlace and sub/surface 
variables m y be tahen at various stages beforo) during and after the 
acquisition of the imagery in. order to establish environmental 
parameters 'tyhich significantly affect the inige characteristics, e.g. 
’urtls et al, 197A; licDonald et al, 1973. 

The data tTill be used initially to ascertain <c7hether the 
preliminary interpretation t?as correct (i.e. ^/hether the required 
accuracy levels are attained) end additional information collected at 
the sample sites ulll be used to determine reasons for possible 
mis-interprctations and whether the classification system is satisfactory. 
Accordingly, the interpretation of inaga patterns covering comparatively 
large land surface areas on small scale imagery is the doomnant problem 
instead of trying to establish the possible c_usal relationships bebjeon 
the various image responses and environmental factors as atten^ted in 
the more intensive ground truth studies. 
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As the major aim of this research is to present a methodology 
for the rapid production of small scale land use maps using unsophis- 
ticated techniques, the nature of the variables to be observed and 
the development of an oj^erall sampling procedure that ^rould permit 
quick collection and evaluation of data therefore forms an important 
stage in the investigation* But, in addition, the extent of the 
ground truth data collection is closely tied to the structure of the 
classification system ^diich, if correctly established, has certain 
controlling requirements or criteria that tend to regulate the scope 
of the inquiry (see Table ). These criteria usually determine 
the accuracy levels to xAiich imagery should be interpreted, the 
minimum sire of areal units and othar aspects tihich can affect the 
nature of the overall ground truth procedure. Also, the majority of 
ground truth information In this type of investigation ''xtll normally 
fae collected after the Li'lTDSAT lISS data has been recorded at the ground 
receiving station. This situation arises due to a combination of 
factors including the operating schedule of the receiving station, the 
data processing time, evaluation of the imagery for cloud cover and 
spectral qualities, and delivery time- Consequently, the dynemic 
nature of the landscape, especially vegetation patterns must be taken 
into consideration T/hen collecting ground truth data in this kind of 
stu^. Host investigators recommend that imagery from different 
seasons should be used if possible so that a reasonable representation 
of the spectral responses can be observed (see Section A. 3. 6.). This 
means that, as well as the careful selection of Variables and the 
most appropriate sampling procedure, the most suitable time or times 
for field checking should be selected in order to avoid expensive and 
time-consuming field surveys. A more dec ilcd discussion of seasonality 
and its effects on interpretation is presented in the section on 
Interpretation Techniques (see Section 4,3.), 
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CampLinf: I jc'oc.edurca 

4.5.'’.!. Gensi’al 

Due to time and co^t factors it Tfould be virtually impossible, 
in the practical sense, to check con^letely each land use parcel 
throughout any resion, therefore, a /alid campling procedure ic 
required. Unfortunately, different vie’’:points and c certain arnomt 
of uncertainty e^istc about x/hich approach is most appropriate and 
various researchers have attempted to provide satisfactory con^tromises 
betxjeeii theoretrcal and practical demands, laiiipling tecliniques in 
land use surveys have ranged from simyl i Ilurtli-Gouth and 3ast“'7e3t 
traverses and the identification of doubtful points (Kriesman, 

1969) to multi-stage strategics (Aldriclc, 1971? kehder, 1973). 

During recent years financial and terror il limitations cosnbined 
xrith the problem of adequately representln important manor classifica- 
tions in the areal sample have tended to focus the ntcention of 
researchers inxralved an land use surveys to^jards some form of 
stratified saiqjllng technique rather than a strictly random, scrapie. 

The m.vjor difference bet^Tacn the txro is that the areal sample space 
is divided into strata ^nd each strata Id treated as a separate sub-universe 
in xrhich simple random sait^litig is employed. (Kelly, 1970). Houover, 
no coflsplete description of appropriate stratified random sanqrling 
procedures applicable to this investigation can be located. Host 
researchers have stated that they have adopted a particular str tegy 
xjithout fully describing the techniques adopted for selecting sample 
sires, random sites, sire of sample sites and the criteria adopted 
for accepting or rejecting the sites. 

Zonneveld (1972) has strongly esaphasised that random sampling 
in land evaluation surveys tends to give ..oo ..-uch prominence to the 
larger areas to the detriment of smaller areas x/hich may be equally as 
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iiuportant as the larger areas. He belie-zes that the selection of points 
Tjithxn a fully hoiaogcneous area as indicated by interpreted patterns on 
the imagery should be randam rather than using an overall random sarnie. 
In a later article he states that '*pure random sampling is only 
appropriate in pure scientific surveys of small areas, ^/here nobody 
is Traiting for the results, except the scientist, who is amusing himself 
and can afford to spend much time*’. (Zonneveld, 1974). Ho’rever, he 
does not present an in-dcpth account of his technique and he does not 
give any indication of the number oC sample points required ^d.th each 
category other than "the total number of ui.<i.aplos to be taken is then 
divided hett/ecn these preliminary communities". 

In an attempt oo evaluate land classification procedures using 
simulated space photographs, Rudd ( 1971) considered that stratified 
random sampling ^las the most appropriate. After interpretation, the 
area of each category was measured and the Emallost category (in area) 

^ras allocated five sample points and the other categories t;ere allotted 
sample points in proportion to their respecti/c areas. No reason 
given for adopting five sample points for the smallest area, 

Dudt eind van der Zee (1974) have discussed the importance of ground 
checks in the identification of rural land use by photo-interpretation 
in order to verify all non-identifiable and ambiguous objects as well 
as saB^ling each category to check to accuracy of interpretation. No 
indication of sampling method or suggestions about the appropriate 
number of sanpling sites was given but they did include some criteria 
for establishing interpretation accuracy including the G5-957, limits 
suggested by Anderson (1971). 

Stobbs (19G3) his described hoir he used a random sampling technique 
to meisure land use in 13al«fL> In cffeci;, it; is a stratified random 
sampling method because he actually stratified his region by using 



prascribed Jireas on Indl'Tldual aurial photographs and calcuL ted the 
number of points to be sampled on each photograph by using a. pre- 
determined formula (see Tcble ). Although it is one of the fe^r 
published reports ^?here the mathematical basis for determining the 
number of san^ling points is adequately dettaxled, the design parameters 
do not permit it to be used in this investigation. A similar san^llng 
approach utilising the same formula has been carried out in Nigeria 
by Alford at al (197A). 

lluLti- stage sampling procedures ha/e been used in studies 
associated uith the production of land use rsaps from LA^^D5AT imagery. 
Usually, the interpretation of the land use patterns on the orbital 
imagery becomes the first stratification in a multi-stage design. Xhis 
is then accompanied by several stages of sub-sampling using low 
and/or high altitude photography and/or ground data acquisition to 
quickly and efficiently check land use Interpretations. Unfortunately, 
the oroblem of insufficient published details about this type of sampling 
design applied to visual techniques still e-rists. Poulton et al (1975) 
in a review/ of synoptic resource inventories claimed that "methods and 
sampling theories developed primarily in forestry (Langley, 1909) are 
beginning to be applied successfully to various rangeland problems 
(Driscoll and Francis, 1970; Johnson, 1973j Langley, 1974)*'. No further 
details \rere provided and, unfortunately txro of the last three 
references quoted by Poulton x^ere personal conaunlcatlons and the other 
could not be located. Therefore, specific details of their approaches 
xrould not be investigated. Hox/ever, Aldrick (1971) has utilised Langley's 
extension of the theory of probability sampling to develop multi-stage 
sampling designs for timber mortality surveys and Natural Forest manage- 
ment plan Inventories in attempts to deteri/ine gross volumes of timber 
from small scale imagery. But, the procedure is not directly applicable 
in this investigation as it Involved larger scale imagery and was 
primarily designed to estimate timber volumes. 
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sBTaLiimiArioN qj the total tnmaa. oj pJtHTS RaginaEP 

TvO SAtlPLB THE GOIIPLITD PHOTO GOVIS^ 07 AN SGOLOGIGAL , 
OR ADtaHISTiiAIIVE, UNIT IN TO PROVIDE 

AREA ESTIimTES OR VARIOUS LAHP USE CATEGORIES , 
SELECTED ERROR LflillS 

Croia Gtobbs, A.R. , 19 j 3 
The Cartographic Journal, 5, 2, 107-110 


N == { 100-r) 


3S,A00 

2 

P X E 


N = the total msnber of sanipliti'^ points. 

P = the percentage of the total area of the ecologxcal or 
adndnistrativo unit occupied by the •cio'it critical land 
use category (in the first instance, P is usually an 
estimate) made on the safe side 

30,^00 = a constant based on Student^s "t”, ta’cen at the 
95 per cent level of probability 

2 = the percentage error ’Jithin '■7hich results can be 
expected to fall In 95 per cent cases 

Thus, if the most critical land use category covers some 5 
per cent of the total area of the unit, .and tlie sampling 
error is to be no greater th n 5 per cent then substituting 
in the above formula, rje get 
a’’ > m 

N = (100-5) X ^ 

5 X (5) - 

= ?9,134 

Thus, in this example, if 1000 photos are involved the 
central portion of each photograph should be sampled by a 
tenpLace having 29 randomly distributed points 
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In sunntary, sLraLifiad random Lechniques have been giaatly 
accepted as Cbe most appropriate method of sampling in land use studies 
using remote sensor imagery so that smaller areas can be satisfactorily 
represented. But the problem remains about ho ’ to select the best 
sample for each category. Several alteinati/e methods have been 
usedj e.g. 

(1) stratify the region geometrically and then randomly select 
points xri.thin each or rectangle (Berry and Ba'ter, 1963). 

The nuiabor of points may be determined by utilising 
formulae (e.g. SLobbs, 19^3, Alford et al, 1974), 

(2) stratify the region by interpreted land use categories 
and then estimate the total number of sample points that 
could be visited due to the constraints imposed by time 
and money and then distribute them proportionally by 
area (e.g. Zonneveld, 1974), 

(3) stratify the region by interpreted land use and then 
allocate a certain number of sample points to the 
category with the smallest area and then distribute 
sample points to the other categories in proportion to 
their areas (e.g. Rudd, 1971). 

It is considered that the above methods do not provide sufficient 
statistical justification for the allocation of sanqile points in each 
category of rural land use utilizing LWDSAT HSS imagery. Consequently, 
a more detailed and more reliable method for determining the most 
appropriate (i.c. rainiaium) sample si'^e should be ascertained. 

The method proposed by the author is explained and ju tified in 
the next session on Sample Si-fe, It is this method which was adopted 
for use in the ground truth phase of the proicct vss descrlved in 
chapters and . The writer gratefully ae’eno^ Pledges the assistance and 
guidance of Dr. A. Hay, Senior Lecturer in the Department of Geography, 
University of Sheffield, in the formulation of the statistical sampling 


methodology i;hich the author has adapted for use in remote sensing studies. 



4.5.'’.'?. Faraple si a 

As one o£ the bncic objectiTO3 oC tho ptescnt study is to neke a 



classification of rural land use on the basis of LAIEI3AT 1138 iia33C>ry3 
the function of the ground truth survey in such an operational system 
is to utilise a sound statistical sampling design xjhich will test the 
correctness of the attribution by interpretation of specific sites to 
classes in the classification. That is, for any sample point, ft 
should be shoTm '’’hether the remote sensing attribution to a class within 
the classification is correct or in error. 

Some of the main aspects that need uo be considored in such a 
remote sensing saisf^ling design ares- 

(i) the frequency that any one land use type (on the 
ground) is erroneously attributed to another close by the interpieter. 
For example in Table ^^13 of A is erroneously attributed to the 
other cla<ises; 

(li) the frequency that the ^zrong land uso (as observed on 
the ground) is erroneously included in any one class by the remete 
sensing interpreter* For erninple in Table "'/i7 of A attributions 
are erroneously interpreted; 

(iii) the proportion of all land (as determined in the field) 
that is mistakenly attributed by the interpret r. For example, in 
Table ^‘^51 of all attributions arc incorrect; and 

(iv) the determination of i^hether the mistakes are random 
( so that overall proportions on approximately correct) , or subject to 
a persistent bias. For exatr^le, in Table Is there a significant 
tendency to ials~attributa land use G (on the ground) to category A, 
i.G. 

Thus the objeceij-e is to design a coupling and statistical testing 
procedure ijhlch tjill allow an approximate answer to each of these 


aspec^ts 
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TABLE 

MTRIX HTPOTHETICAI, mJMSBRS 

OF SITES IN ACTUAL AljD laiESPRSTED 
LAIID UGL CATEGORIES 


LAND USE 
(interpreted 
Crom 
iargery) 


LAIJD USE (on the ground) 



A 

3 

G 

Sum 

A 

12 

1 


17 

B 

2 

19 

0 

21 

C 

1 

0 

1? 

13 

Stia 

15 

*50 

1 : 

51 




tn order to dateriflina the optiaura G:’japle sire’' for a stratifxed 
random saaple of a re3iDn Tihich has been laappad by remote sensing 
techniques, xt Is necessary to consider, first of all, one land use 
type or category (stratum) ajhich has been identified from the LAHD3AT 
inigery. A sample of x points in that land use type can then be 
selected, and the number of errors (f) checked In the field. 

XC such a procedure adopts a very rmn'l sample (e.g. x= 10), 
the nuHiher of errors mould normally also be small (e.g. f = 0, 1, 2, 3, ••• )• 
HoT;ever, the achievement of perfect results (i.e. f = Q) in such a small 
sample does not imply that the laethod Is error free, ns such a result may 
occur by chance in a situation ^jhere a substantial proportion of the 
land use classification in fact, erroneous. This point has seldom 
been appreciated by la^ny image interpreters TThen checking the accuracy 
of their remote sensing land use survey. This proportion of the 
interpretation ^rhich is in error, ifould, houever, be identified in a 
very long run study, and is normally called (or p as a decimal 
fraction). The probability of making no interpretation errors when 
taking a samplo of from a remote sensing based classification \7ith 
real errors having a probability - p is gi /an by the binomial ciipansion 

y 

(p + q) ' in which q = 1 - p. In the case of no errors m the inter- 
pretation, the last term of the expansion ia tl\e only one of interest 
(i.e. q^). 

Tabic shows the probability of scoring no interpretation errors 
in sauries of varying sices taken frora a population %7ith a range of real 
error proportions q. ExamLnatiDn of this table shows that no error 
sample results can quite easily arise in small samples even idien the true 



by ’’optimum” sasrple si ~e is meant the minimum number of points 
that need to be checked In the field in order to meet a specifica- 
tion requirement of 97. accuracy* Especially for low cost, opera- 
tional surveys, it Is critical that a method of settling is used 
which IS both reliable and fast (i.e. the method should enable the 
executing body to meet the accuracy levels required in the 
shortest possible time). * 
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error rate is hxgli. Taking the con/entioml probability level o£ 

95y,/57,, it in clear that the tabic can be di/ided into tojo parts by a 
’stepped’ line- Above and to the left of the line, the probabilities 
of obtaining error free cample results are 10^7, even liien true errors 
may be present in apprear ible numbars. On the other hand, bclo\7 and 
to the right of the Ixna, it is possible to xdentify the high probability 
that these error free results could have been obtained except from a 
method xrhich uas not truly error free. This shoTxs thet, if the 
peraiDSible error rate in xmago interpretation is predetermned, for 
example, 35-907. as suggaated by th3 U. i. Geological Survey Circular o71 
(Anderson et al, 1977) or as required in an opei*ational job specifica- 
tion, the sarople sice for each land use stratum necessary for 357. 
intcrprefcatxon aC.urocy should be at least ''0, and for a 907, accuracy, 
xt should be at least 30- Thus, by u'-’ing this table, the minxmviix 
simple sxrc required for checking ?ny xnterprecatxon accuracy level can 
be determined- It is a mxnimura because for any smaller sample sire 
even a "perfect” (i.e. error free ground dice’.;) result sxgnxfxes very 
little- Tables and provide more detailed calculatxons of the 
probabilities of scoring errors In samples of varying sires tiith 
r.pecifxed interpretation Levels of C5X ind 90X respectively. 

Although strictly speaking a sample of che calculated sire should 
be Selected for each land, use classification type (or stratum), it is 
recognised that some land use categories fill occupy such a small propor- 
tion of the total area (e.g- reservoirs, salt lakes, small forests), that 
such a sample size i;70uld be difficult to obtain. In such cases it is 
normally feasible to visit each of these sites during the field check in 
order to verify the accur.xcy of interpretation. 

A-5-2-3- Sampling strategy 

It has been demons tr.ated above that a minimum sample size of 30 is 
necessary for each land use type in order to meet the U.S. Geological 



TABLE 


PROBABILITY OF SC'ORING NO ERRORS IN SAl-lPLEF OF VARYING 3IEES FROM A 
population NITII a R.\NGE Of REAL ERROR PROPORTIONS 07 


specified 

in t er pr et at i on 

accuracy 


SAMPLE SIZE 



stepped line indicataa approximate .05 level of pfobabrlity 
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TABLE 

PROBABILITY OF SCORING ERRORS IN SAUPLES OF VARYING SIZES FROII 
A POPtE.ATXON T7ITH REAL ERROR PROPORTION OF 85% 
i.e. THE SPECIFIED < UERPRETATION ACCURACY LEVEL IS 35% 


number of 
errors 

sample 

si 2 e 

0 

1 


3 

4 

5 

15 

.037'i 


■ 



i 

1 

70 

.0333 

.13j3 

pm 




25 

.0172 

.0759 





30 

.0070 

.040A 





35 

.003'' 

.0709 

,0^'’7 

.1213 



^0 



.0365 

■ .0313 


■ 

''5 



.0200 

.05'’0 

.00o3 


50 




.0310 

.0.61 

. 1072 

55 




.0139 

.O'^SA 

.0781 

uO 





.0275 

.054^5 

L_'>= 







.0365 


stepped line indicate^ ^pprodLiaaLe 
•Q5 level of probauility 
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TABLE 

PROBABILITY 07 SCORING ERRORS IN SAtlELES OF 
VARYING SIZES 7R0N A POPULATION REAL ERROR 

PROPORTION OF 90%, i.e. THE SPEGI lED 
INTESPRETATICN ACCURACY LEVEL IE 90% 


number of 
errors 

sample 

sire 

0 

1 

2 

3 

15 

.2059 




20 

.1216 




25 

,0713 

.1974 



30 

.0424 

.1'13 



35 

.0*^50 

.097s 



40 


. 0 j 57 

' 


45 


.043 . 

.1067 


50 


.02:.. 

.0779 

^ 3 # 

55 



.0553 

.1095 

CO 



.0'=503 

.0344 . 

v5 




,0636 

70 




.0''70 


iLcppol line indie jtes appro'<imate 
.09 level of probability 
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Purvey Circular 671 criterion of 907i. interpretation accuracy in land 
use surveys using remote sensor imagery. To locate these 30 points, 
random point saaplxng ^rf.thin land use type (or Strata) can then be 
performed by sampling using random spatial coordinates. By this mathod, 
each random point is attributed to the interpreted' land use type in 
which it falls until a sufficient number of points (30) has been 
.^chieved in all categories. Once one land use type has been sufficiently 
sampled, further poxnts that fall in that type may be ignored, vliilst 
the random sampling continues uAtil all types have 30 points -^jithin 
them. Konually, hotravor, the land use types in vihich such discounted 
random points have fallen should be noted together ^ri.th their location, 
in order to provide a larger sample sica for each Land use type. This 
allows sufficient reserve points to be collected in order to ensure 
adequate cover.'nge due to inability to roi-clt a particular site, as to 
other unforeseen problcus. 

This type of rcmoce sensing sampling strategy has the advantrge 
that it could be easily adapeed for use ^Titli most other forms of remote 
sensing imagery as wall as orbital. Thus tiie proposed sampling strategy 
developed above and tasted in the field described in chapters 
and ) provides a reliable Crametrorlc for tasting the accuracy of any 
rsuote sensing iroage interpretation-based l«nd use classification using 
the minimum number of point necessary, thereby saving time and money 
if employed in operation’’! surveys ^jhere tight accuracy levels have to 
be guaranteed. 

4. 5. 2. 6. Si„e of camptc point 

Obviously the term sample "point" in this type of study is a 
misnomer because, even though the theoretical location of the san5>le site 
may be determined by the grid intersection, tho practicalities of field 
work make it virtually Inspoisible to locate and classify. Therefore, a 
selected area around the point must be considered and its actual sice 



\/ill depend on the scale and resolution of the iiragerys the map scale 
and the purpose of study. Again, there appears to be little guidnuce 
in the published liter'*turc but it is generally accepted that the 
quadrat should not be smaller than the ground resolution of the 
system used. Consequently, in the case of LANDSAT liSS imagery the size 
of the objects in land use surveys should be greater than pixel siT^e, 
i.e. greater than 79 m by 79 m. 

Llet5:lce and Stevenson (1974) ,have reported that the "threshold of 
resolution is 10 acres (4.05 hectares) for comprehensive land use mapping , 
and 7 to 5 acres (O.'i to 2.03 hectares) for some specific categories". 

ITo mention of mapping of imagery scale T?as given but, on the basis of 
this information, the mlnmum resolution, i.e. the smallest identifiable 
land use pattern ’•jould be an area equivalent to 200 m by 200 ri or 
approximately C times the area of a pixel. 

Joyce (1974) stated that "the minimun.-si''ed unit area dcline'tion 
of ^0 acres (1 j hectares) or larger is most common" and refers to 
research by Alexander (1973), Firer and Jron (1973) and Hardy, 

Skaley and Phillips (1973). Consequently, it appears that the si'"o of 
the sappLe "point" should fall bet^reen the re oLution thresh Id ('’00 m 
by 200 to) and the roinimun ci 'e area that c. n be delineated, i.e. ^00 m 
by 400 TO (10 hectares). Joyce did not state the scale but Hardy ot al 
mentioned that "direct trmsfer may be ruide at ratios of Is '’50, 000 and 
1*150,000 *rith map units of about 25 hectares (500 to by 500 m) and 10 
hectares (100 m by 100 ii) respectively for the purpose of this 
investigation a square of '’50 m by 250 m has been adopted as the size 
of the sample point, llore details on scale and resolution have been 
presented in Sections 4.2.4. and 4.2.5. respectively. 

4. 5. 3. Ground Data Acquisition 

As mentioned previously the correct selection of the variables xrhlch 
should be Investigated in the fie d forms an important part of the overall 
ground truth procedure. The variables should represent the dominant 



factors that have affected the spectral nature of the image and the 
extent to i7hich they should be recorded in the field Is mainly a function 
of the scale and resolution of the imagery, the classification system 
and the purpose of the study. 

The main variables that have been considered in small scale land 
use surveys have included soil, bedrock, vegetation, surface morphology, 
urban centres, ^jater surfaces, slope and aspect. But, the appropriate 
level of measurement and/or description has not been adequately described 
and most guidance can be obtained by esaraining the data acquisition 
sheets devised for land use mapping from aerial photographs, e. g. Benson 
Qt al, 1971, terrain analysrs studies, e.g, tiltchell, 1973, other 
closely related studies, c.g. Henderson’ i <1975) investigation of the 
role of radar in land use itipping or the more b^sic research oriented 
studies investigating LAIJOPAT IISS imagery (e.g. Curtis and Hooper, 

1974). These sheets (see Appendix ), at least, give some idea of the 
level of description at the particular scale that the researchers have 
decided to investigate. 

Small scale land use Surveys have had the constraints of the 
classification system super-imposed over tho data Collection techniques 
and this has controlled the extent to bbich data has been collected. 
Therefore, if the broad outlines provided by the IT.S. Geological Survey 
Circular 071 are adopted then the variables should be measured or 
described in a hierachial manner to coincide ’uith the various levels of 
the classification schems, e.g. Levels 1 to 4. This means that a 
satisfactory ground data sheet should be designed so that the informa- 
tion can be collected at different levels of sophistication but ^jith an 
operational rather than a research bias. The extent and type of data 
collection in the field are largely Influenced by time and cost factors 
and rigidly controlled observations Tjhich aid the very detailed analyses 
of spectral responses are not required. 



The major factors to consider at Levels 1 and '> are those 'cjhrch 
lead to the spectral responses on the imagery associated with broad 
categorxes of vegetation. These mainly include the distribution 
patterns of the vegetation and the colour of vegetation and soil 
associated iri.'th those patterns. Data may also be collected ijhich 
coincides ■tTith the D.S. Geological Survey Circular 671, Levels 3 and 
A, This permits the more specific Identification of vegetation types 
at the sample point and their use may not be obvious during inter- 
pretation but the data may be helpful when trying to isolate re.iaons 
for mis -Interpret a Li on. For example, the seasonal variation in soma 
types of vegetation may /itally affect the response recorded on the 
imagery. 

Other factors ^diich affect the spectral responses should be 
recorded, e.g. slope, vugef'tion spacin^ and height, colour of surface. 
Provision should be made for recording possible seasonal changes in 
vegetation characteristics at different levels as well as possible 
neTT development projects In the region T7hicli could cause discrepancies 
between the imagery and the data collection. Ground level photographs 
of the sites have been found useful in iss iscing mis-interpretation. 

In addition, vertical nori 1 photographs have been used by various 
researchers as an aitam\ti/e method of establishing the accuracy of 
their interpretation of orbital imagery (van Genderen, 1073; O’veet at 
al, 1974). 

The stages in the preparation for data collection and the associated 
field procedure tri.ll be described in detail in the next chapter. 

4.5,4. Summary 

The collection of information about selected variables at cxi 
appropriate level requires the development of an appropriate sa mp i ing 
.design and ground data collection procedure ’■^hich trill enable the rapid 
collection of data to checlc the accuracy of Interpretation and to help 
Isolate possible reasons for rals-interpretation. Basically, this 
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Tiecessitatss the selection of tn adequate sampling strategy, optimum 
sample size, area of sample ’’points" and the development of an adequate 
ground data collection form and traversing procedure. 

In/estigation has shovjn that the most appropriate sampling 
"Strategy for this study is the stratified random techniques. H ■:7ever, 
no established method for determining the ideal number of sample 
points could be discovered and a special method has been developed to 
overcome this problem (see Section 4.5. The Si^^e of the sample 
"point" established after considering the minimum mapping unit and 
image resolution (sea Section 4,5. 2.4.). Detailed explanations of the 
application of these aspects in the operational sense and the develop- 
ment and use of a ground d ita acquisition ibaat and field traversing 
routine are presented in Chapter 5. 

GSiig^^iL smr.rjiY 

The overall aim of this chapter h"s been to consider the main 
factors that affect the level of accuracy of the production of small 
sc-^le land use naps from L-tTOSAI 113S data in rder to assess the 
relevant approaches that have been utilised xJi'-Mn a broad range of 
remote sensing techniques. In .■addition, it ha^ brought together the 
results of many research proiects i;7hich hi/e focussed on specific 
problems that are appLic'blc ip the production of small scale land use 
maps. Consequently, the sunraary of techniques has permitted the 
evaluation and elimination of some methods and it has also allowed some 
procedures to be adapted and ne^7 ones to be developed so that the basis 
for a feasible methodology can be established. 

It appears that the major problems to be investigated revolve 
around the selection of the most appropriate Imagery format and scale, 
visual interpretation procedures, the development of a satisfactory 
classification scheme end the cstablishmont of o viable sampling procedure 
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for testing the results of the interpretation as trell as locating 
possible reasons for mis-interpr station. The neKt logical step, there- 
fore, Is to test the nost relevant techniques involved in each stage 
in the operational sense and Uurcia province, 'ouch Cast Spain xras 
chosen as the most suitable location. The results of these investiga- 
tions are described in the ne.'t chapter. 




